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DOCUMENT -IDENTIFIER: US 58 983 06 A 

** See image for Certificate of Correction ** 

TITLE: Single circuit ladder resonator quadrature surface RF coil 
Abstract Text (1) : 

A single-circuit quadrature surface coil is formed from two ladder resonator coils 
and includes a first mode circuit path for detecting or generating magnetic flux in 
a vertical axis from a body under investigation and a second mode circuit path for 
detecting or generating magnetic flux in a parallel axis, with the first mode and 
second mode currents 90 degrees out of phase . The surface coil, which supports two 
resonance current modes for quadrature operation on only one single coil conductor 
structure, provides a high signal-to-noise ratio (SNR) and a good B.sub.l 
homogeneity over the imaging volume. This coil alone may be used either for both 
transmitting and receiving RF signals or for detecting RF signals as " receive only." 
Tnis coil is well suited for imaging the human neck, spine and heart. 

Brief Summary Text (2) : 

present invention pertains generally to Magnetic Resonance imaging ( MR I ) apparatus, 
and more particularly to a quadrature surface coil for use with MR! apparatus. 

Brief Summary Text (4) : 

MR I provides a unique non-invasive imaging method for discriminating the main 
components of human disease pathology. As a result, MR I is one of the most widely 
used diagnostic imaging tools in today's hospitals throughout the world. A typical 
MRI system includes a main magnet to generate a uniform DC magnetic field, three 
gradient coils to generate linear and orthogonal magnetic field gradients, a 
transmitting and ygggiy.^ antenna to generate imaging pulses 

and £?ceiye the resulting RF emissions, and an operator interface and control 
station. For human imaging the magnet is mainly superconducting in nature and has a 
cylindrical shape, although at the present time open "C" arm magnet geometries are 
also used for imaging the human body. For higher strength magnetic fields (0.5 T and 
higher) , the superconducting magnet is used to generate a highly uniform static 
magnetic field with a clear bore diameter of 90 cm or larger for human patient 
access . 

Brief Summary Text (5) : 

Gradient coils are electromagnetic coils capable of generating linearly varying and 
axially ddjrec^d^ static magnetic fields along the three spatial directions (x,y,z) 
of a Cartesian coordinate system. The function of each one of the three orthogonal 
gradients is to encode ■.^he^s^at^l-. information as a frequency or phase variation. In 
general, higher gradient strengths of 40-100 mT/m with faster rise times "of 40-150 
.mu.sec at full strength are required for faster imaging techniques. Standard 
methods for production of linear magnetic field gradients in MRI systems consist of 
driving discrete coils with a current source of limited voltage. The discrete coils 
are wound in a bunched or distributed fashion on an electrically insulating hollow 
light cylinder coil-form. 

Brief Summary Text (6) : 

A digital radio frequency transmitter transmits radio frequency pulses or pulse 
packets to a whole body RF coil to deliver RF pulse into the examination region. The 
RF pulses are used to excite, prepare, saturate, invert, refocus, or manipulate the 
resultant bulk magnetization due to ensemble average of the magnetic moment of a 
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specific nuclear spin such as proton in selected portions of the examination region. 
For whole body applications, the resonance signals are commonly picked up by the 
same whole body RF coil . For other more regional focused applications, the signals 
are often picked up by local coils placed at the vicinity of the examination region 
other than the whole body coil. Alternatively, a receive -only coil can be used to 
receive resonance signals induced by the body RF coil . For example, in human head 
imaging, an insertable head coil can be inserted surrounding a human brain at the 
isocenter of the magnet used for receiving the RF signal . Conventional RF coils for 
MR I application are the birdcage coil, single loop surface coil and surface array 



Brief Summary Text (7) : 

In MR I , the resultant radio- frequency signals, which are spatially encoded, are 
picked -up by the receiver RF coil, amplified and then demodulated/digitized by a 
receiver . A sequence controller controls or schedules the timing sequence of the 
three orthogonal gradients, RF pulse waveforms, frequency offset, RF phase, data 
sampling window of the receiver, as well as other events such as triggering to 
generate a variety of MR I sequences, such as spin echo imaging, gradient echo 
imaging, fast spin echo imaging, and echo planar imaging. An image reconstruction 
processor sorts the spatially encoded image data according to the order in which 
they are received and transforms the data to form the final MR image. 

Brief Summary Text (8) : 

More specifically for RF antenna, a simple conductor loop interrupted with some 
capacitors of proper values can serve as a local RF antenna that is capable of 
transmitting RF signal to its vicinity and detecting minute RF signal from its 
vicinity with a relatively high signal-to-noise ratio (SNR) . Such a coil can only 
transmit and detect one component of the magnetization signal during M imaging, and 
often is referred as a linear ( RF) coil . Since the detectable magnetization for MR I 
is a two dimensional vector, to improve the SNR and B.sub.l uniformity, a quadrature 
version which receives two orthogonal components simultaneously was then introduced 
for the same geometry configuration. 

Brief Summary Text (9) : 

PRIOR ART QUADRATURE RF COILS 

Brief Summary Text (10) : 

Previously, there were some early quadrature surface RF coil designs described by 
various people including Hyde, et al . , U.S. Pat. No. 4,721,913, issued Jan. 26, 
1988, and Mehdizadeh, et al . , MRM, 1,256,1988, U.S. Pat. No. 4,918,388, issued Apr. 
17, 1990. Both the Hyde and Mehdizadeh designs consist of two separated and isolated 
coil circuits which simultaneously generate or detect two orthogonal RF 
polarizations independently . Furthermore, it has been shown that the two circuits 
can be made mutually decoupled from each other for the respective resonance modes of 
interests by means of proper geometrical overlapping. The two signals obtained from 
two orthogonal polarizations can be combined to enhance the SNR in the resulting 
image using a quadrature combiner . Boskamp et al . , in U.S. Pat. No. 5,030,915, 
issued Jul. 9, 1991, disclose a single circuit quadrature RF coil formed from a pair 
of parallel mode single loop coils . The Boskamp et al . coil is formed from an 
annular outer conductor with an inner conductor connected on first and second ends 
at respective spaced points around the outer conductor. 

Brief Summary Text (11) : 

Another approach to increase both sensitivity and uniformity for a surface coil over 
a certain coverage was the "half birdcage " design proposed by Ballon et al . , JMR, 
90, 131-140 (1990) . The half birdcage design is also known as a one dimensional 
ladder resonator. Due to the rnu ^^AP^.?. conductor design of the half !?A^?J.H.?. design, 
it provides better uniformity of field than single loop c ..9iA.?.* Although it is an 
improvement over the single loop design, it is not a quadrature design, lacking the 
superior SNR of the quadrature RF coi 1 s . 

Brief Summary Text (14) : 

The present invention provides a ladder resonator quadrature coil having the 
superior SNR of quadrature coils and the uniformity of ladder resonator coils. 
According to one embodiment, the coil of the present invention comprises a 
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single-circuit quadrature coil including a pair of tuned ladder resonator coils 
sharing a common conductor pattern symmetrical about a center conductor path. 
According to one aspect of the invention, the coil construction provides a first 
mode circuit path sensitive to magnetic flux in a first orientation, and a second 
mode circuit path sensitive to magnetic flux in a second orientation orthogonal to 
the first whereby quadrature operation is obtained. According to another aspect, 
first and second relatively isolated signals representing orthogonal magnetic fields 
emitted from a body under investigation in an MR I apparatus are obtainable from the 
respective first and second mode circuit paths. This embodiment, which supports two 
resonance current modes for quadrature operation on only one single-coil conductor 
structure, provides a high signal-to-noise ratio (SNR) and a good B.sub.l 
homogeneity over the imaging volume. This coil embodiment may be used either for 
both transmitting and receiving RF signals or for detecting RF signals as " receive 
only". This embodiment of the invention is also well suited for imaging the human 
neck, spine and heart. 

Brief Summary Text (15) : 

According to another exemplary embodiment of the invention, the single circuit 
ladder resonator quadrature coils of the present invention are mounted in 
combination with a standard birdcage coil to provide additional imaging capability 
for the neck region of a user having their head positioned in the birdcage coil . 
According to yet another embodiment, the coils of the present invention are 
integrated or mounted in combination with other conventional coils to provide 
supplemental imaging capability. 

Drawing Description Text (5) : 

FIGS . 3 and 4 illustrate simplified schematic circuit diagrams of embodiments of the 
ladder resonator quadrature surface coils of the present invention with circuit 
elements for decoupling the coils when used in a receive only mode. 

Drawing Description Text (6) : 

FIG. 5 illustrates a pair of ladder resonator quadrature surface coils of the 
present invention mounted in combination with a birdcage' coil. 

Drawing Description Text (7) : 

FIG. 6 illustrates the coils of FIG. 5 deployed in an MR I apparatus. 
Detailed Description Text (2) : 

In the following detailed description of the preferred embodiments, references made 
to the accompanying drawings which form a part hereof, and in which is shown by way 
of illustration specific preferred embodiments in which the invention may be 
practiced. These embodiments are described in sufficient detail to enable those 
skilled in the art to practice the invention, and it is to be understood that other 
embodiments may be utilized and that structural, logical, physical, architectural, 
and electrical changes may be made without departing from the spirit and scope of 
the present invention. The following detailed description is, therefore, not to be 
taken in a limiting sense, and the scope of the present invention is defined only by 
the appended claims and their equivalents. 

Detailed Description Text (3) : 

The ladder resonator quadrature coil of the present invention combines two separate 
ladder resonator coils for two polarizations into an integrated coil conductor 
structure. This new composite coil provides both high SNR and good B.sub.l 
homogeneity over the imaging volume. The simplified topological structure of an 
embodiment of the new ladder resonator quadrature coil design of the present 
invention is shown schematically in FIG. 1. For simplicity, the decoupling circuits 
for receive only operation, which are required by the standard MRI system to 
decouple the coil from the whole body coil, by detuning the resonance frequency of 
the coil during RF transmission, are omitted from the illustration of FIG. 1. As 
shown in the FIG. 1, the ladder resonator quadrature coil embodiment shown therein 
can be said to be formed of two ladder resonator coils sharing a common conductor 
pattern which is symmetrical about a center conductor. In the embodiment of FIG. 1, 
two parallel conductor strips in the horizontal ^^^^ : 9B.. are connected by five (5) 
or more uniformly spaced vertical oriented conductor strips or legs, also referred 
to herein as "paths." Both horizontal and vertical conductor strips are interrupted 
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by capacitors. The coil structure is symmetric with respect to the center vertical 
conductor, or circuit path, to provide an annular first mode circuit path using the 
two (2) or more spaced conductor legs on each side of the center conductor leg. The 
circulation of current through this path is shown in FIG. 2A, wherein the dotted 
center line corresponds to the center leg conductor of coil 1. The first mode 
circuit path detects or generates magnetic flux of a first polarization from a body 
under investigation. A second mode circuit path including the center circuit path, 
the current flows for which are shown in FIG. 2B, detects or generates magnetic flux 
in another plane of polarization, with the currents in the first and second mode 
circuit paths 90 degrees out of phase . 

Detailed Description Text (4) : 

Electrically the overall coil embodiment 1 is nothing but a simple one dimensional 
circuit network for current loops. Such a structure supports many resonance current 
modes (there are four independent modes) , whose mode currents share the same 
conductor pattern. The current patterns shown in FIG. 2A and 2B for these two useful 
resonance modes of coil 1 are capable of generating fields either vertical 
(perpendicular) or horizontal (parallel) to the surface of the coil. Although the 
frequencies corresponding to the two specific modes are often different, in the 
coils of the present invention these two frequencies are made identical by 
introducing a set of capacitors cross both center vertical conductor (DC) and one of 
the two end-ring conductors (AC, CB) . In order to accomplish the required frequency 
matching between two polarizations for quadrature operation, the capacitance of the 
capacitor on the center vertical conductor is varied or set accordingly. In 
addition, the values for different capacitor components can be predicted for a given 
structure using a numerical model for the RF coil . At the resonance frequency, two 
independent RF signals corresponding to the two orthogonal components of the excited 
magnetization vector can be taken out simultaneously directly from the coil for the 
purpose of MR I . One RF signal can be taken out from the center vertical conductor 
strip or leg through a direct electrical coupling cross the capacitor, and the other 
can be taken out at the center of one of the parallel conductor strips in similar 
fashion. For example, U.S. Pat. No. 5,030,915 illustrates in more detail how these 
signals can be taken off of a single circuit quadrature coil. Furthermore, these two 
useful resonant modes are intrinsically isolated from each other as a result of 
their corresponding geometric shapes. Other means of tuning the coils are also 
possible such as also shown in U.S. Pat. No. 5,030,915, and in particular FIGS. 4, 5 
and 6 of that patent . 

Detailed Description Text (5) : 

According to one embodiment of the invention, the conductor pattern of the coil 1 
can be constructed on an electrically insulated as well as heat resistant former 
using copper strips etched or applied to the flexible former. The size of the coil 
can be made larger or smaller depending on the required coverage of a specific 
application. The face of the coil can be made to be flat, curved or flexible. Using 
a construction of this type, approximately- 21 db isolation (loaded) between the two 
polarizations is achievable. The two signals corresponding to two orthogonal 
polarizations were transmitted independently from the coil through two short 
flexible 50 ohm coaxial cables to corresponding low noise pre-amplif ication modules. 
Then, the amplified signals were fed to a multiple channel port on an MR I apparatus 
for transmission, demodulation, digitization and image reconstruction. With the 
decoupling circuits as shown for example in FIG. 3 incorporated in a coil of this 
construction, the resulting coil in a receive only mode was used for imaging studies 
at 1.5T on a Siemens VisionTM whole body MR I system. While the coil 1 is illustrated 
in FIG. 1 as having a rectangular shape, it can be any arbitrary shape that 
preserves the symmetry necessary for tuned operation, such as the general shapes 
shown in FIGS. 7a, 7b and 7c of U.S. Pat. No. 5,030,915. 

Detailed Description Text (6) : 

With a proper impedance match circuit the two ?^J?i9J!l?iS M obtained from the coil 
structure of FIGS. 1-4 can be pre-amplif ied and ?.y m 5i5i?.4. using a standard analog 
quadrature cot^jlnejr . Alternatively, for achieving the optimal SNR, the MR signals 
corresponding to two orthogonal polarizations from the can eac h ^ e separately 

pre-amplif ied using a low noise RF amplifier and fed into two 5?J£eceiver channels, 
so the two signals are demodulated and digitized • ^he required 

quadrature signal^ .^of^binat can be accomplished digitally in the image domain 
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using a software combination accompanied with phase correction for compensating the 
coil reception phase variation. In addition, the shape and geometrical size of the 
coils made in accordance with the invention can be optimized for a given 
application. 

Detailed Description Text (7) : 

Furthermore, ladder resonator quadrature coils made according to the present 
invention can be used completely alone for both transmitting and receiving RF signal 
as a transmit -receive (T/R) coil for MR imaging and spectroscopy. Using this design, 
the traditional half -birdcage coil can be modified to be operated in quadrature 
mode. One of the advantages of the T/R coil design is its relatively simple coil 
structure, since it does not require decoupling components on the coil; another 
advantage is the 40% improvement in SNR over conventional birdcage coils. 

Detailed Description Text (8) : 

If a ladder resonator coil made in accordance with the invention is used in a 
receive -only operational mode, the coil needs to be made invisible to the transmit 
RF coil during RF power transmit by means of detuning the resonance frequency of the 
receiver coil away from that of the transmitter coil, which may be a saddle coil or 
full birdcage coil by way of example. There are various possible approaches suitable 
for this detuning. Using a few PIN diodes and inductors in proper locations on the 
coil 1 structure, the resonant frequencies for the two useful modes of coil can be 
detuned by selectively switching these diodes on or off using an externally applied 
voltage signal across these diodes. Examples of coils 1' and 1" modified for this 
purpose are shown in FIGS. 3 and 4. In FIG. 4, tank circuits activated with the PIN 
diodes are used to detune the circuit, while in the embodiment of FIG. 3, PIN diodes 
alone are employed. Of course, many other configurations of circuit elements and 
position can be used to detune the coil, and the examples given herein are not to be 
construed as limiting. 

Detailed Description Text (9) : 

For many practical applications, ladder resonator quadrature surface coils 1 (or 1 ! 
or 1") can be integrated into or mounted in combination with many other conventional 
coils available on clinical MR I systems, one of which is a standard birdcage head 
coil 2 as shown in simplified form in FIG. 5. Such an "integrated" coil set is 
highly desirable for head - neck imaging applications. This allows the possibility of 
performing a complete head -neck examination without changing the RF coil in the 
middle of examination. The different elements can be selectively switched on and off 
(i.e. detuned) by the means of a DC voltage signal applied to the coils externally. 
In FIG. 5 coils 1 (or 1' or 1") are shown mounted or integrated with the full 
birdcage' coil 2. Mounting or integration can be accomplished by mechanically or 
otherwise fixing the location of the coils 1 in relation to the birdcage, coil 2 so 
that, in this case, when a patient's head is positioned in the birdcage coil, their 
neck is positioned in the sensitive region of the coils 1. By constructing the 
ladder resonator coils with input and output leads compatible with existing MR I 
systems, these coils can be made to work with such existing systems, and mounted to 
work in conjunction with conventional full birdcage coils of various types or 
manufacture, or in conjunction with other imaging coils commonly used with MR I 
systems . 

Detailed Description Text (10) : 

FIG. 6 illustrates the use of the coils of the present invention as shown in FIG. 5 
when deployed in an MR I apparatus. The MR I apparatus shown in FIG. 6 includes a 
plurality of superconducting main magnetic field coils 10 to generate a generally 
uniform static magnetic field along a longitudinal or z-axis of a central bore 12. 
The superconducting coils are mounted on a dielectric former 14 and received in an 
annular, helium vessel 16. The helium vessel is filled with liquid helium to 
maintain the superconducting magnets at their superconducting temperature. A main 
magnetic field shield coil assembly 18 generates a magnetic field which opposes the 
fields generated by the main magnets 10 in regions surrounding the superconducting 
magnets 10. The annular helium reservoir 16 is surrounded by a first cold shield 20 
which is maintained at about 20. degree. K. or less. A second cold shield assembly 22 
is chilled to about 60 .degree . -70 .degree. K. or less. An outer vacuum vessel 24 
encases the cold shields to define a vacuum reservoir therearound. Layers of mylar 
insulation 26 are arranged between the vacuum vessel 24 and the cold shield 22. 
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Detailed Description Text (11) : 

A circularly cylindrical, whole body gradient coil assembly 30 is mounted on a 
circularly cylindrical dielectric former and mounted within the bore 12. A 
circularly cylindrical, whole body RF coil 32 is mounted on a circularly cylindrical 
dielectric former and mounted within the bore 12. A circularly cylindrical 
dielectric cosmetic sleeve 34 shields the RF and gradient coils from view and 
protects them from damage. The ladder resonator quadrature coil /birdcage head coil 
combination shown in FIG. 5 is positioned in bore 12 in close proximity to the 
patient. As illustrated, the ladder resonator quadrature coils 1 (or 1' or 1") and 
the birdcage coil 36 (in this case a quadrature birdcage coil) each include separate 
circuits connecting them to the transmitter and receivers . Only one ladder resonator 
quadrature coil is shown in FIG. 6, but preferably a second is provided on the other 
side of the patient's neck as shown in FIG . 5, and an additional circuit is provide 
to transmit and receive RF from the other coil . Alternatively, a switch could be 
provided to switch between the leads from the two ladder resonator quadrature coils 
so that only one set of transmit and receive circuits would be needed. 

Detailed Description Text (12) : 

A transmitter 40 is connected with the whole body RF coil 32 for transmitting 
resonance excitation and manipulation pulses thereto. Preferably, a quadrature 
divider 42 splits the radio frequency signal into two components and phase shifts 
one component 90. degree, relative to the other. The two components are applied in 
quadrature to the whole body RF coil . A gradient control means 44 is connected with 
the gradient magnetic field coils 30 for providing current pulses thereto for 
generating magnetic gradient pulses across the examination region. A sequence 
control means controls the radio frequency transmitter 40 and the gradient control 
means 44 to generate conventional resonance excitation sequences such as spin echo, 
gradient echo, field echo, sequences and the like. Preferably, resonance is excited 
in two preselected planes or slabs by applying a linear z-gradient field 
concurrently with a tailored radio frequency excitation pulse for exciting resonance 
in the two or more preselected slices or slabs. Preferably, one of the slices or 
slabs intersects the region examined by each of the surface coils 1 (or l 1 or 1") 
and 38. 

Detailed Description Text (13) : 

The radio frequency transmitter 4 0 and the gradient control 44 under the control of 
the sequence control 46 elicit simultaneous magnetic resonance responses in planes 
or slabs through each of the quadrature surface coils 1 (or l 1 or 1") and 38. The 
signals from the two quadrature surface coils are conveyed to a pair of quadrature 
combiners 50, 52. The quadrature combiners impose a 90. degree. phase shift on one of 
the detected quadrature components and combine the components. Preamplifiers 54, 56 
amplify the signals before they are received by a receiver means 60, such as a pair 
of digital quadrature receivers 60. sub. 1, 60. sub. 2, which receive and demodulate the 
resonance signals. An interface circuit 62 includes analog- to-digital converters 64, 
66 for digitizing each received resonance signal to generate a digital data line . 

Detailed Description Text (14) : 

The digital data line3 are stored in data memories 70, 72 of a computer means 74. An 
image reconstruction means such as an inverse two -dimensional Fourier transform 
means 76 reconstructs sets of data lines from the data memories 70, 72 into 
electronic digital image representations which are stored in image memories 80, 82. 
A video processor means 84 converts the digital image representations into the 
appropriate video format for display on a video monitor 86 or other human -readable 
display. 

Detailed Description Text (15) : 

Those of skill in the art will recognize that the conductors of the ladder network 
of the bi : ±dcaye coil 38 and quadrature coil 1 must be oriented in parallel with the 
uniform magnetic field, such that use of the coil system with different orientations 
of the uniform, main field requires reorientation of the coils to meet this 
requirement . 



Detailed Description Text (16) : 

When the coils of the present invention are used for .?^?eiving in the embodiment or 
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arrangement shown in FIGS. 3 and 4, the coil advantageously improves SNR by more 
closely allowing the correlation of the geometric location of the transmit pulses 
with the corresponding RF emissions detected by the coils . Furthermore, according to 
another embodiment, a sensor is provided to detect the pulse in the carotid artery, 
so that the imaging pulses can be synchronized or triggered on pulse events, and 
thereby provide repeatable, consistent imaging. 

Detailed Description Text (17) : 

As suggested above, ladder resonator quadrature coils constructed according to the 
present invention can be of a substantially planar configuration in the manner of a 
surface coil, or shaped or curved to provide a half -birdcage coil configuration, 
providing a single half -birdcage coil structure operable in a quadrature mode. In 
terms of clinical imaging application, coils constructed according to the present 
invention are well suited for imaging the human neck, spine and heart. For 
multi -nuclear spectroscopy applications, such coils can be easily made double tuned 
for simultaneously observing two frequencies. 

Detailed Description Text (18) : 

In the invention disclosure, for simplicity and the purpose of description, the 
ladder resonator quadrature coil embodiments are shown with five legs, but the 
number of legs is arbitrary, and can be more than five. However, the term "ladder 
resonator quadrature coil " as used herein requires that each respective coil on 
either side of the circuit include multiple legs or "vertical" conductors, such that 
each respective coil itself forms a ladder. This structure distinguishes the design 
of the present invention from that of U.S. Pat. No. 5,030,915, wherein the 
respective sides of the single circuit quadrature coil are single loop coils. Thus, 
while it is required that the ladder resonator quadrature coil of the present 
invention include multiple legs on each side, the number of legs as noted may be 
greater, such as 7, 9, 11 etc. Alternatively, the number of legs may be even. In the 
case of even numbers of leg conductors, the center circuit path is formed from two 
(or more) conductors used as an effective center leg. Furthermore, the spacings 
between vertical legs or conductor strips can be varied symmetrically with respect 
to the center strip. 

Detailed Description Text (19) : 

Further possible modifications to the invention include placing the capacitors on 
the other end-ring to preserve symmetry. Also, as is well known, inductive coupling 
can be used for feeding and taking signals out from the coil, or the orthogonal 
signals can be combined using a standard quadrature hybrid combiner before or after 
pre-amplif ication. It is also possible that the two orthogonal modes of the coil can 
be intentionally tuned to two different frequencies, providing a double tuned coil 
for multi -frequency or multi -nuclear imaging or spectroscopy. 

Detailed Description Text (20) : 

In addition to the above noted variations in coil design, coils constructed 
according to the present invention can be made to conform to the geometry of the 
anatomy using curved (non- straight ) vertical and horizontal conductors, or be made 
to have more open space for the interventional purpose as well as conventional 
imaging. Furthermore, two or more small coils can be integrated into a ladder 
resonator quadrature coil of the present invention for active position and 
orientation tracking. Moreover, the design concepts of the present invention can be 
applied to improve many existing MR I surface or wrap-around surface coils for 
imaging of other parts of human body. Also, although described with respect to 
imaging the human body, the coils of the present invention can be used to image any 
animal or other body, and the term "body" or "patient" as used herein should not be 
interpreted as limited to a human body or patient. 

Detailed Description Text (21) : 

Thus, as described above ladder resonance quadrature coils constructed according to 
the present invention provide the superior SNR of quadrature coils with the 
uniformity of field obtainable with ladder resonance coils, in a single circuit 
design easy to construct and use. As used herein, the term "single-circuit" refers 
to a circuit connected together with physical electrical components or equivalents 
of physical components, as opposed to the coil designs of prior art 

quadrature coil systems wherein the coils are formed separately from one another. It 
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should also be noted that many different embodiments of the coil of the present 
invention are possible, and in particular that the type and placement of the circuit 
elements necessary for tuning, detuning and quadrature operation can be varied 
considerably and still achieve the desired operation, as known to those of skill in 
the art. Although specific embodiments have been illustrated and described herein, 
it will be appreciated by those of ordinary skill in the art that any arrangement 
which is calculated to achieve the same purpose may be substituted for the specific 
embodiment shown. This application is intended to cover any adaptations or 
variations of the present invention. Therefore, it is intended that this invention 
be limited only by the claims and the equivalents thereof. 

Other Reference Publication (1) : 

Ballon, D . , et al . , "A 64 MHz Half -Birdcage Resonator for Clinical Imaging", J. of 
Magnetic Resonance, 90, 131-140, (1990) . 

Other Reference Publication (2) : 

Hu, X., et al . , "Reduction of Field of View for Dynamic Imaging", Magnetic Resonance 
in Medicine, 31, No. 6, 691-694, (1994). — 

Other Reference Publication (3) : 

Mehdizadeh, M. , " RF Coils for Magnetic Resonance Imaging", RF Design, 29-38, (1991). 
Other Reference Publication (4) : 

Panych, L.P., et al . , "A Dynamically Adaptive Imaging Algorithm for Wavelet -Encoded 
MR I " , Magnetic Resonance in Medicine, 32, No. 6, 738-746, (1994). 

CLAIMS : 

I. A radio frequency (RF) coil construction, comprising a single-circuit quadrature 
coil including a pair of tuned ladder resonator coils sharing a common conductor 
pattern symmetrical about a center conductor path. 

3- A coil construction according to claim 1 wherein a first mode circuit path is 
sensitive to magnetic flux in a first orientation, and a second mode circuit path is 
sensitive to magnetic flux in a second orientation orthogonal to the first whereby 
quadrature operation is obtained. 

4. A coil construction according to claim 3 wherein first and second -relatively 
isolated signals representing orthogonal magnetic fields emitted from a body under 
investigation in an MR I apparatus are obtainable from the respective first and 
second mode circuit paths. 

6 - A coil construction according to claim 1 further including means for detuning the 
coil temporarily whereby interference with an externally generated RF field is 
avoided. 

9. A coil construction according to claim 1 further wherein the coil has a 
half -birdcage shape. 

10. A radio frequency (RF) coil construction, comprising a pair of first tuned 
ladder resonator coils each having two or more conductor paths in addition to a 
shared center conductor path, the ladder resonator coils sharing a common conductor 
pattern and symmetrical about the center circuit path, said construction providing a 
first mode circuit path formed to include the conductor paths of each of the ladder 
resonator coils, the first mode circuit path defining a second coil, the 
construction including means for tuning the first and second coils to a given RF and 
means for causing said first and ..^ C .°I^„.^2AA.?.. to operate in quadrature and generate 
first and second relatively isolated .signals manifesting said orthogonal magnetic 
fields in said body. 

II. A method of forming a single-circuit quadrature radio frequency (RF) coil, 
comprising the steps of a) combining a pair of first tuned ladder '""iresonator coils to 
provide a common conductor pattern and so that they are symmetrical about a center 
conductor path, and b) adding to the combined coils elements for forming first and 
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second coils each respectively responsive in quadrature mode operation to magnetic 
fields orthogonal to one another. 

12. An integrated radio frequency (RF) coil system comprising a single-circuit 
quadrature coil including a pair of tuned ladder resonator coils sharing a common 
conductor pattern symmetrical about a center conductor path fixed in position 
relative to another coil of a different design, so that the quadrature coil and the 
coil of a different design can be alternately used when imaging a body under 
investigation . 

13 . A coil system according to claim 12 wherein the coil of a different design is a 
full birdcage coil and the quadrature coil is positioned to have a sensitive region 
for imaging a neck of a patient whose head is positioned in the full birdcage coil . 

14. A method of MR I imaging a patient's neck comprising the step of positioning the 
patient's head in the birdcage coil of claim 13, and using either the birdcage coil 
or the quadrature coil for imaging operations . 

15. An MR I apparatus comprising a magnet system for generating a steady, uniform 
magnetic field, a magnet system for generating magnetic gradient fields, a transmit 

RF coil for generating a RF magnetic alternating field and a surface coil comprising 
a single-circuit quadrature coil including a pair of tuned ladder resonator coils 
sharing a common conductor pattern symmetrical about a center conductor path. 

16. A method for imaging the head, neck or heart of a patient comprising the step of 
positioning the coil of claim 1 adjacent thereto and using the quadrature coil in 
combination with an MR I apparatus to image the same. 

17. A coil construction according to claim 1 further including a sensor for 
detecting the pulse of a patient under investigation, wherein the sensor is 
mechanically mounted in relation to the quadrature coil so that the pulse is 
obtained proximate the location of the coil when positioned adjacent the patient. 
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DOCUMENT- IDENTIFIER: US 6501274 Bl 

TITLE: Magnetic resonance imaging system using coils having paraxially distributed 
transmission line elements with outer and inner conductors 



Abstract Text (1) : 

A magnetic resonance imaging system comprises: a housing providing a medical 
diagnostic chamber for a subject therewithin lying along an axis. The housing 
contains: a transmit /receive inductor system having a coil about the axis in 
proximity with the housing, a gradient inductor system having a coil operatively 
associated with the transmit /receive inductor system, and a field inductor system 
having a coil operatively associated with the transmit /receive inductor system. The 
field coil establishes a supervening field about the entire system. The gradient 
coil initiates perturbations in the fields and produces signals derived responsively 
from the perturbations. The transmit /receive coil includes a series of electrical 
transmission line elements paraxially distributed with respect to the axis about the 
subject. Each transmission line element includes an outer conductor and an inner 
conductor spaced radially from the outer conductor relative to the axis. The 
transmit /receive coil initially transmits to the subject a radio frequency energy 
field and responsively receives from the subject a magnetic resonance energy field. 
The signals produced correspond to spatial indicia derived from the subject and are 
presented as such by a master controller . 

Parent Case Text (2) : 

The applicant herein claims the benefit of U.S. Provisional Patent Application No. 
60/159,662, dated Oct. 15, 1999 for HIGH RESOLUTION MAGNETIC RESONANCE IMAGING 
SYSTEM in the name of Patrick Ledden, the applicant herein. 

Brief Summary Text (3) : 

The present invention relates to magnetic resonance imaging and, more particularly, 
to a high resolution magnetic reso nance imaging system and to components thereof . 

Brief Summary Text (5) : 

Magnetic Resonance Imaging { MR I ) has proven to be an enormously useful technology 
both for the detection and diagnosis of human disease as well as for research into 
the understanding of basic animal physiology. However, current MR I equipment has 
been limited by achievable signal-to-noise ratio (SNR) and by limitations in the 
ability to generate homogenous transmit fields for signal excitation, particularly 
at high magnetic field strengths. 

Brief Summary Text (6) : 

For the acquisition of data from a nuclear magnetic resonance (NMR ) signal, four 
separate . components are required. First a static magnetic field must be generated by 
a permanent magnet generally of the superconducting type. Pursuant to quantum 
mechanics, the presence of the static magnetic field causes in a subject an energy 
difference between atomic spins aligned with and against this static magnetic field. 
The magnitude of the energy difference depends on a variety of factors, including 
strength of the magnetic field, size of the magnetic moments of individual atomic 
nuclei, and temperature. In general, a majority of the atomic spins will align with 
the static magnetic field and a higher energy minority of the atomic spins will 
align against it. When exposed to an oscillating magnetic field of proper frequency, 
such as is generated by an alternating current in a radio lirecjuency (RF) coil, some 
of the lower energy spins aligned with the static magnetic field will be excited to 
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the higher energy state of being aligned against the field. Once the applied 
transmit RF magnetic field is removed, these excited spins will decay to the lower 
energy state of alignment with the static magnetic field. During the decay, these 
spins will generate their own RF magnetic field, which can be electronically 
detected by the same or a different RF coil and thereby be characterized. In order 
to determine spatial information about the quantity and properties of the atomic 
nuclei of the subject, a second set of coils, gradient coils, are used to perturb 
the static magnetic field. By generating magnetic field gradients, current in this 
separate set of coils spatially changes the oscillation frequency of the atomic 
spins by changing the frequency of the nuclear magnetic resonance (NMR ) oscillation 
at appropriate times during transmit and receive, and spatial information regarding 
the atomic spins can be decoded and converted into an image. The generation and 
reception of the NMR signal in the RF coil and the currents in the gradient coils 
are controlled by a computer system which processes the information obtained and 
displays it on a computer screen or printed film for human interpretation. 

Brief Summary Text (7) : 

The advantages of using NMR are several -f old . First, information can be obtained 
non-invasively on a wide variety of in vitro and in vivo subjects. The lack of 
non- ionizing radiation is particularly attractive when images are obtained from 
human subjects. Second, the properties of the magnetic spins are extremely sensitive 
to their surrounding chemical environment. This allows a great deal of information 
to be determined from the magnetic resonance signal, including chemical and 
molecular structure of a wide variety of materials as well as the chemical and 
structural characteristics of animal and human tissue. By obtaining spatially 
dependent information regarding the NMR signal, it is possible to obtain detailed 
images, which not only show great anatomic detail, but which also depend on the 
chemical properties of tissue. This provides additional image contrast, allows 
improved discrimination between healthy and diseased tissue, and permits researchers 
to obtain previously unavailable information regarding in vivo physiologic function. 



Brief Summary Text (8) : 

Despite the multiple advantages of MRI , one major limiting factor in the usefulness 
of the NMR machine is the small magnitude of the NMR signal generated by a subject's 
nuclei themselves. This weak signal is easily obscured by the noise present in all 
electronic detection devices. The presence of this noise then limits the maximum 
achievable resolution or sensitivity of the NMR machine, specifically, its ability 
to resolve small anatomic details or to characterize time dependent changes in 
signal intensity, which are important for understanding of a subject's physiology. 

Brief Summary Text (9) : 

In principle, one can improve the sensitivity of the NMR device by increasing the 
strength of the static magnetic field. While this does increase signal to noise 
ratio (SNR) , it adds problems in terms of the interaction of high frequency magnetic 
fields and human tissue, leading to difficulties in achieving uniform image quality 
and even excitation of NMR spins. Simply increasing the magnetic field strength is a 
very expensive option: a 3T (3-Tesla) human size magnet costs roughly five times 
that of a 1.5T magnet. In general, such increased cost places a premium on 
maximizing SNR at a given field strength. 

Brief Summary Text (10) : 

Most of the noise in human MR I comes from the resistance associated with conductive 
tissue within the human body. As this resistance is roughly proportional to volume 
of tissue, large coils, which couple to larger volume of tissue, inherently produce 
lower quality images than smaller coils. While sensitivity can be improved by making 
smaller coils, there is a limit to this approach in that eventually the desired body 
part or region of interest will not fit within the coil or field of view of the 
coil . 

Brief Summary Text (11) : 

One prior art method designed to increase the field of view of small .?ojl.s .i?_to use 
multiple coils arranged in a "phased array" (U.S. Pat. No. 4,887,039). In this 
method, the images from each individual coil are processed separately and then 
combined in such a fashion as to maximize image quality. While this is a useful 
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strategy, it has certain limitations. First the individual coils need to be 
carefully oriented to minimize their respective coupling. Despite proper 
orientation, there always will be residual coupling between four or more coils 
limiting the maximum number of coils and consequently the gains in sensitivity . 
Furthermore, in the standard geometry feasible with surface coils, this arrangement 
still produces inhomogeneous images, which can complicate their interpretation for 
diagnostic purposes. 

Brief Summary Text (12) : 

A second problem is the efficient and uniform excitation of the NMR spins. For most 
imaging sequences, a homogenous excitation of all spins is required. In general, 
this requires a larger coil, which then reduces the sensitivity of the system. One 
commonly used technique is to use a larger coil , optimized for transmit with a 
second coil specialized for receive . However such systems, as presently implemented, 
suffer from several disadvantages, particularly when used in high field systems. One 
disadvantage of current volume transmit coils is the inability to control the field 
to compensate for variations in patient size and position. While, in principle these 
variations can be accomplished by manually tuning the coil (see J. Thomas Vaughan, 
Hoby P. Hetherington, Joe 0. Out, Jullie W. Pan, Gerald M. Pohost, "High Frequency 
Volume Coils for Clinical NMR Imaging and Spectroscopy", Magnetic Resonance in 
Medicine 32:206-218 (1994)) or by using electromechanical relays to switch in 
additional reactive circuit elements, such methods are time consuming and subject to 
the variability of mechanical connections. 

Brief Summary Text (13) : 

Conventional MR I coils come in two basic categories. (1) The simpler, the surface 
coil, consists of one or more conductive loops. Additional reactive circuit 
components, such as capacitors and inductors, are used to tune the coil and couple 
energy to or from it to the rest of the NMR system. Importantly, active circuit 
elements, such as PIN diodes, can be added to allow specialization of coil function 
for receive or transmit. (2) Volume coils, such as birdcage coils, consist of one or 
more large surface coils oriented in such a fashion as to produce a homogenous 
magnetic field. While such coils are in common use, the large size of these coils 
makes them poor receivers of NMR signal. This difficulty can be overcome by using 
PIN diodes to "detune" the volume coil for use with a more sensitive surface coil 
receiver . 

Brief Summary Text (14) : 

In particular, at high fields, the use of volume coils becomes increasing 
problematic. The large size of these coils required to enclose a useful area of 
human anatomy, such as the torso or head, leads to them becoming efficient radiators 
of electromagnetic energy. Moreover, the interaction of large volume coils with 
tissue at high frequencies leads to non-uniform magnetic fields within human tissue 
complicating the ability to obtain uniform spin excitation. 

Brief Summary Text (15) : 

The following U.S. Pat. No. 5,557,247 to Vaughn, U.S. Pat. No. 4,751,464 to Bridges, 
U.S. Pat. No. 4,746,866 to Roschmann and U.S. Pat. No. 4,506,224 to Krause, disclose 
volume coils based on cavity resonators . Conductive segments within the cavity 
interact to form a resonant structure. While this coil can offer improved efficiency 
over a conventional volume coil, several disadvantages exist. First, the structure 
being closed can give a subject a sense of claustrophobia and make it difficult to 
present visual stimulation for research purposes. Second, the closed shielded nature 
of the coil makes it difficult to specialize for the use of transmit or receive 
purposes. If circuit elements are added to detune the coil, the outer cavity shield 
will interact with smaller coils placed with the larger cavity, impairing their 
performance. Additionally, the cavity shield prevents the use of the coil for 
specialization as a smaller coil to use with receive only function or as its use as 
a phased array- 

Brief Summary Text (17) : 

The present invention is an improved NMR coil design based on the use of 
transmission line segments rather than conventional inductive coil elements. The use 
of transmission lines has several benefits. Transmission lines have a concentration 
of electromagnetic "fields between their elements. By adjusting "the distance between 
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these conductive elements, interaction of the magnetic fields of the transmission 
line with an external sample can be controlled and optimized for NMR signal 
generation and/or detection . The presence of two conductors also decreases the 
inductance of each conductor. This minimizes the electric fields associated with the 
conductors, which is advantageous since these electric fields can be associated with 
dielectric tissue losses which decrease coil efficiency and sensitivity . Moreover, 
the inherent shielded nature of transmission lines decreases the radiation of 
electromagnetic energy from the NMR coil, improving coil efficiency and sensitivity 
over conventional NMR coil design. The shielded nature of a transmission line also 
decreases the interaction or coupling between coil elements. This can be 
advantageous since under proper conditions, coil elements can operate with minimal 
interaction. This allows a large single coil structure to operate as multiple 
smaller individual coils . With proper combinations, these separate coils can be 
combined in such a way to optimize NMR signal generation and/or reception. In 
particular, by combining signals from individual coil elements, spatial information 
may be decoded regarding the NMR signal, increasing the sensitivity and speed of 
data acquisition for both high field and low field NMR systems. 

Brief Summary Text (18) : 

The coil consists of N transmission line segments distributed in a circular, 
elliptical, or other geometrical arrangement. Each transmission line element is 
comprised of two or more individual conductors with or without additional lumped or 
distributed capacitive or inductive circuit components. In general, each 
transmission line element couples to the others through mutual inductance and 
capacitive coupling. Additional lumped or distributed inductive or capacitive 
elements may be placed between the transmission line segments to alter this 
coupling. The combined influences of the interaction between these elements gives 
rise to frequency dependent relations between the currents and voltages present on 
individual transmission line elements. By changing the individual circuit components 
and transmission line geometry, a given current distribution can be obtained on the 
transmission line elements at a given frequency. The magnetic field arising from the 
currents on each element add through superposition and create a given magnetic field 
configuration for use in either or both the generation and detection of the NMR 
signal . 

Brief Summary Text (19) : 

In particular, with placement of properly valued reactive components between 
individual transmission line elements, mutual coupling between elements can be 
minimized. This allows the resonant structure of the N transmission line segment to 
become degenerate and allows the currents on each element to be relatively 
independent . This has the advantage for NMR signal generation in that the currents 
on each element can be individually controlled at will to generate a excitation 
field of a desired spatial and phase characteristic. Additionally in such an 
degenerate mode arrangement, received signals from each element are independent and 
can then be combined in such a way to optimize image homogeneity, sensitivity, or 
other desired parameters. 

Brief Summary Text (20) : 

In order for the transmission line structure to be useful, energy needs to be 
transferred into the coil during signal generation and out of the coil during signal 
reception. This can be accomplished by inductively or capacitively coupling one or 
more circuit elements to one or more RF power amplifiers and/or RF receivers . This 
coupling can be adjusted to allow an arbitrary impedance of such equipment to be 
matched to the currents and voltages found in the transmission line structure. In 
particular, the phases of the current in two or more transmission line elements can 
be offset as to create elliptically polarized magnetic fields for improved 
efficiency in the generation and/or detj^jtion of the nuclear rc&35. e J!^ 
signal . 

Brief Summary Text (21) : 

In addition to passive components, active circuit elements such as diodes (either 
regular or PIN) can be added to this structure. With diodes, the tuning of 
individual transmission line elements or their mutual coupling can be changed in 
order to modify the current distribution and element impedance of the transmission 
line segments. When used with one or more additional coils (which may be a 
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combination of transmission line structures or conventional NMR coils) , these diodes 
can be arranged so that during transmit or receive functions, one coil has a desired 
magnetic field configuration while the other coil presents a high impedance so as 
not to interfere with the magnetic fields of the first coil. In this manner, each of 
the two or more coils can be optimized for either transmit or receive, resulting in 
improved generation and detection of the NMR signal . 

Brief Summary Text (22) : 

Other active circuit elements can be added to the transmission line structure such 
as vacuum tubes or transistors (including but not limited to conventional bipolar 
transistors, field effect transistors, gallium arsenide field effect transistors, 
high electron mobility transistors, pseudomorphic high electron mobility 
transistors, or heteroj unction bipolar transistors) . These transistors can be used 
to provide amplification of either the transmit energy needed in the generation of 
the nuclear magnetic signal or the small magnitude received energy from the NMR spin 
decay. In this way, signal losses arising from matching circuits and connecting 
cables are minimized, leading to improved coil efficiency. If the coil is designed 
for both transmit and receive functions, diodes may be included to change the 
coupling between these active amplifier circuits and individual transmission line 
elements. In this manner, transistors designed for low-noise signal amplification 
are not damaged by the high element currents during the transmit function and 
transistors circuits designed for power amplification do not add noise during signal 
reception . 

Brief Summary Text (23) : 

The addition of active vacuum tube or transistor circuits can provide additional 
advantages. With proper design, these circuits can present impedance mismatches to 
the transmission line structure while simultaneously preserving adequate amplifier 
function. These impedance mismatches can be used to change or minimize coupling 
between individual transmission line elements, allowing the elements to be decoupled 
and be relatively independent of each other. During transmit, this has the advantage 
that individual element currents can be changed electronically in magnitude or phase 
so as to modify the desired magnetic field for optimal transmit excitation without 
requiring change or variation of passive circuit elements. This is particularly 
advantageous at high frequencies where dielectric resonances in human tissue require 
non-uniform magnetic fields for uniform spin excitation. Additionally, during 
receive, decoupling of the currents on transmission line elements allows each 
element to function as a separate signal detector . By combining the signals from 
these elements electronically, either directly after amplification or at a later 
stage such as after image reconstruction, these signals can be added in a way such 
that sensitivity is maximized for one or more areas of interest. In particular, the 
spatially dependent information from each element can be combined after image 
reconstruction in such a manner that sensitivity is maximized at each point in an 
image . 

Brief Summary Text (24) : 

Moreover, the geometric arrangement of the individual transmission line elements can 
be used to decode spatial information regarding the detected "NMR signal . By decoding 
spatial information from individual coil elements, the steps required for the 
acquisition of an NMR image can be reduced, allowing the imaging process to be 
completed in less time. 

Brief Summary Text (25) : 

The illustrated embodiments of the present invention demonstrate an actively 
decoupled transmission line resonator for use as a transmit coil in conjunction with 
surface coil receivers, as well as use of a transmission line structure as a receive 
arraj£ coil. 

Drawing Description Text (4) : 

FIG. la illustrates a partial assembly of a transmission line coil, with one line 
element and the rear end plate, - 

Drawing Description Text (5) : 

FIG. 2 illustrates a complete transmission line assembly of the type shown in FIG. 
i; 
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Drawing Description Text (6) : 

FIG. 3 illustrates a frame for the transmission line assembly of FIG. 2; 
Drawing Description Text (7) : 

FIG. 4 illustrates a completed coil incorporating the transmission line assembly of 
FIG. 2 and the frame of FIG. 3; 

Drawing Description Text (8) : 

FIG. 5 is an end view of a detunable head transmit coil embodying the present 
invention; 

Drawing Description Text (9) : 

FIG . 6 is a side view of the detunable head transmit coil of FIG. 5; 
Drawing Description Text (13): 

FIG. 10 is an electrical schematic of a receive -only circuit in accordance with the 
present invention; 

Drawing Description Text (14) : 

FIG. 11 illustrates an image produced by a head transmit coil for both transmit and 
receive in accordance with the present invention; 

Drawing Description Text (15) : 

FIG. 12 illustrates an image produced by a head transmit coil for transmit and a 
dual loop coil for receive in accordance with the present invention; 

Drawing Description Text (16) : 

FIG. 13 illustrates a human brain image produced by a head transmit coil used for 
both transmit and receive ; 

Drawing Description Text (17) : 

FIG. 14 illustrates a human brain image produced by a head transmit coil used for 
transmit and a loop coil for receive ; 

Drawing Description Text (18) : 

FIGS. 15, 16 and 17 illustrate image intensity corrected images produced by 
receive -only coils; 

Drawing Description Text (19) : 

FIG. 18 illustrates a power amplifier directly connected to an individual 
transmission line element in accordance with the present invention; 

Drawing Description Text (20) : 

FIG. 19 illustrates a low-noise transistor amplifier directly connected to an 
individual transmission line element in accordance with the present invention; 

Drawing Description Text (21) : 

FIG. 20 illustrates a combination of active transmit and receive circuits directly 
connected to an individual transmission line element in accordance with the present 
invention; 

Drawing Description Text (22) : 

FIG. 21 illustrates an overall system diagram in connection with a transmission line 
coil used for both transmit and receive in accordance with the present invention; 

Drawing Description Text (23) : 

FIG. 22 illustrates an overall system diagram in connection with separate transmit 
and receive coils in accordance with the present invention; 

Drawing Description Text (24) : 

FIG. 23 illustrates an overall system diagram in connection with a transmission iiS®. 
coil used in array mode in accordance with the present invention; 

Drawing Description Text (25) : 
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FIG. 24 illustrates images obtained from four element transmission line coil 
operated in the receive array mode whereby low noise preamplifiers detune the 
interactions between elements allowing each transmission line element to function 

independently ; 

Drawing Description Text (27) : 

FIG. 26 illustrates human images obtained from an elliptic four element transmission 
line coil operated in the receive array mode whereby a combination of capacitors and 
low noise preamplifiers detune the interactions between elements allowing each 
transmission line element to function independently ; and 

Drawing Description Text (28) : 

FIG. 27 illustrates the sum-of -squares combination of the images in FIG. 26 to 
create a high sensitivity homogenous image of the human brain. 

Detailed Description Text (3) : 

Generally, the illustrated system of the present invention includes a housing 11 
within which are a field coil 13, X, Y, Z gradient coils 15 and a transmit /receive 
coil 17. Field coil 13 is energized by a field coil controller 19. Gradient coils 15 
are controlled by a gradient coil controller 21. Transmit /receive coil 17 is 
controlled by a transmit /receive coil controller 23. Field coil controller 19, 
gradient coil controller 21, and transmit /receive controller 23 are managed by a 
system controller 25. A carriage 27, upon which a subject reclines, is reciprocable 
into and out of the region 29 within transmit /receive coil 17. Region 29 is a 
medical diagnostic chamber within which the subject is internally imaged pursuant to 
the present invention. 

Detailed Description Text (4) : 

As shown in FIGS, la to 4, the coil at the heart of the present invention, is a 
transmit and/or receive coil that includes transmission line elements distributed in 
a circular, elliptical, or other geometrical arrangement. FIG. la, for simplicity, 
shows a single transmission line element 12a (collectively, 12) mounted to a 
circular end cap 14 with slots 22. The present invention contemplates that the end 
cap 14 may have another shape, such as a dome, or may be absent altogether. FIG. 2 
shows a complete transmission line assembly 16 with all 16 transmission line 
elements 12. Note that there are gaps 24, corresponding the end cap slots 22, 
between each of the elements 12. FIG. 3 shows a mechanical frame 18 into which the 
transmission line assembly 16 is fixed. FIG. 4 shows an entire coil structure 10 
including an outside case or housing 20. 

Detailed Description Text (5) : 

Each transmission line element 12 comprises two or more individual conductors 26, 28 
with or without additional lumped or distributed capacitive or inductive circuit 
components. Each transmission line element 12 couples to the others through mutual 
inductance and capacitive coupling. Additional lumped or distributed inductive or 
capacitive elements, in various embodiments, are placed between transmission line 
segments (groups of transmission line elements 12) to alter this coupling. The 
combined influences of the interaction between the elements 12 give rise to 
frequency-dependent relations between the currents and voltages present on 
individual transmission line elements 12, as shown in the Kirchoff circuit 
relationship between transmission line currents and voltages: ##EQU1## 

Detailed Description Text (6) : 

where Xelem.sub.j is the complex impedance of transmission line element n at 
frequency .omega., Xm.sub.i,j is the complex impedance associated with the coupling 
between elements i and j, I.sub.n is the current through element n, and V.sub.n is 
the voltage across element n. By changing the individual circuit components and 
transmission line geometry, a given current distribution can be obtained on the 
transmission line elements 12 at a given frequency. The magnetic field arising from 
the currents on each element 12 add through superposition to create a given magnetic 
field configuration for use in either or both the generation and detection of an NMR 
signal . 

Detailed Description Text (7) : 

In order for the transmission ...line structure to be useful, energy must be 
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transferred into the coil 10 during signal generation and out of the coil 10 during 
signal reception. This can be accomplished by inductively or capacitively coupling 
one or more elements 12 to one or more RF power amplifiers and/or RF receivers . The 
coupling can be adjusted to allow an arbitrary impedance of such equipment to be 
matched to the currents and voltages found in the coil 10. In particular, the phases 
of the current in two or more transmission line elements 12 can be offset so as to 
create circularly or elliptically polarized magnetic fields for improved efficiency 
in the generation and/or detection of the NMR signal. 

Detailed Description Text (8) : 

In addition to passive components, in various embodiments, active circuit elements 
such as diodes (either regular or PIN) are added to the circuit. With diodes, the 
tuning of individual transmission line elements 12 or their mutual coupling can be 
changed in order to modify the current distribution and element impedance of the 
transmission line elements 12. When used with one or more additional coils 10 (which 
may be a combination of transmission line structures or conventional NMR coils) , 
these diodes can be arranged so that, during transmit or receive functions, one coil 
10 has a desired magnetic field configuration while another coil 10 presents a high 
impedance, so as not to interfere with the magnetic fields of the first coil 10. In 
this manner, each of the two or more coils 10 can be optimized for either transmit 
or receive, resulting in improved generation and detection of the NMR signal. 

Detailed Description Text (9) : 

In addition to diodes, in various embodiments, other active circuit elements are 
added to the transmission line structure 16. These include vacuum tubes or 
transistors (including but not limited to conventional bipolar transistors, field 
effect transistors, gallium arsenide field effect transistors, high electron 
mobility transistors, or heterojunction bipolar transistors) . Transistors can be 
used to provide amplification of either the transmit energy needed in the generation 
of the NMR signal or the small received energy from the NMR spin decay. In this way, 
signal losses arising from matching circuits and connecting cables are minimized, 
leading to improved coil efficiency. If the coil 10 is designed for both transmit 
and receive functions, diodes may be included to change the coupling between the 
active amplifier circuits and individual transmission line elements 12. In this 
manner, transistors designed for low-noise signal amplification are not damaged by 
the high element currents during the transmit function, and transistor circuits 
designed for power amplification do not add noise during signal reception. 

Detailed Description Text (10) : 

The addition of active vacuum tube or transistor circuits can provide additional 
advantages. Pursuant to the present invention, these circuits can present impedance 
mismatches to the transmission line structure 16 while simultaneously preserving 
adequate amplifier function. Impedance mismatches can be used to change or minimize 
coupling between individual transmission line elements 12 allowing the elements' 
currents to be decoupled and relatively independent of each other. During transmit, 
this has the advantage that individual element currents can be changed 
electronically in magnitude or phase so as to modify the desired magnetic field for 
optimal transmit excitation without requiring change or variation of passive circuit 
elements. This is particularly advantageous at high frequencies where dielectric 
resonance in human tissue require non-uniform magnetic fields for uniform spin 
excitation. 

Detailed Description Text (11) : 

Additionally, during receive, decoupling of the currents on transmission line 
elements 12 allows each element 12 to function as a separate signal detector . By 
combining the signals from these elements 12 electronically, either directly after 
amplification or at a later stage such as after image reconstruction, these signals 
can be added in such a way that sensitivity is maximized for one or more areas of 
interest. In particular, the spatially dependent information from each element 12 
can be combined after image reconstruction in such a manner that sensitivity is 
maximized at each point of an image. Moreover, the geometric arrangement of the 
individual transmission line elements 12 can be used to decode sgatial information 
regarding the detected NMR signal. By decoding spatial information from individual 
coil elements 12, the steps required for the acquisition of an NMR image can be 
reduced, allowing the imaging process to be completed more quickly. 
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Detailed Description Text (13) : 

FIGS. 5 and 6 show the geometry of a detunable volume transmit coil 40 constructed 
in accordance with the present invention. The volume coil 40 is a flat element, 
shielded transmission line design that is analogous to a previously described design 
utilizing coaxial elements. (See U.S. Pat. No. 4,746,866 to Roschman and U.S. Pat. 
No. 5,557,247 to Vaughan.) The coil 40 incorporates an end-capped structure that 
decreases radiation losses. A conductive cavity wall 42 is divided into 12 outer 
conductors 44 by regularly spaced longitudinal slots 46. The slots 46 minimize eddy 
currents when used in echo planar imaging (EPI) . In one configuration, the diameter 
of the coil 40 is 37.5 cm and the axial length is 20 cm. Twelve flat copper inner 
conductors 50, each with a width of 2 . 5 cm, are located 1.75 cm inwardly from the 
cavity wall 42, as at 52, and centered between the slots 46. The inner conductors 50 
are tuned using nonmagnetic chip capacitors and nonmagnetic tuning capacitors. Two 
elements 12a, 12d, located 90. degree, from each other, are matched to 50. OMEGA, 
using lumped element quarter-wave transformers. These outputs then are driven 
through a quadrature coupler. 

Detailed Description Text (14) : 

In one configuration, shown in FIG. 7, detuning is accomplished with a diode 60. The 
circuit shown in FIG. 8 utilizes a shunt diode configuration similar to that 
described in Ledden, P. J., Wald, L. L . , Vaughan, J. T., "Volume Coil Transmit 
Surface Coil Receive System for Brain Imaging at 3T", Proceedings of the 
International Society of Magnetic Resonance in Medicine, p. 168 (1999) . In this 
arrangement, a diode 62 is placed across the tuning capacitor 64 at the posterior 
end of every element 12. During transmit, the diodes 62 are back biased and have a 
high impedance allowing normal tuned coil operation. During receive, the diodes 62 
are forward biased, shorting the tuning capacitors 64 and detuning the coil 10. Bias 
voltage is applied to each diode 62 through high impedance RF chokes 66 which have 
an RF impedance of greater than 1 K. OMEGA, at 127.8 MHz. The diode bias voltage is 
provided by a coaxial cable 68 separate from the RF connections and is controlled by 
a 5 V digital signal from a scanner. 

Detailed Description Text (15) : 

In another configuration, shown in FIG. 9, detuning utilizes a lumped element 
quarter wave line 76 between the diode 72 and the tuning capacitor 74. In this 
arrangement, the diode 72 is forward biased during transmit and shorts the quarter 
wave circuit 76. This causes the quarter wave circuit 76 to present a high impedance 
across the tuning capacitor 74 allowing normal coil resonance. During receive, the 
diode 72 is back biased and causes the quarter wave circuit 76 to short the tuning 
capacitor 74, thereby detuning the coil 10. Unlike the configuration in FIG . 9, high 
negative bias voltages are not required, since during receive , the RF voltages in 
the coil 10 are very small. This eliminates the need for a high voltage bias supply 
and driver resulting in improved operator and patient safety. 

Detailed Description Text (16) : 

Two different geometries of receive -only surface coils are presented herein. The 
first coil consists of a quadrature surface coil 70 comprising two 9-cm loops 72, as 
in FIG. 10. Of similar overall design, the second coil consists of two 12 
cm. times. 20 cm curved rectangular loops, also combined in quadrature. Each coil is 
matched to 50. OMEGA, using a standard balun drive circuit 74. Detuning during 
transmit is accomplished by placing a PIN diode 76 across the balun 74. In the 
conductive state, this diode 76 shorts the balun 74, causing the coil 70 to double 
tune with a null at the 128 MHz. 

Detailed Description Text (17) : 

All electrical impedance measurements in the aforementioned embodiments were made 
with a network analyzer. The isolation produced by the diode detuning of the 
transmit coil was determined by the change in E?.^:9...lES3^SJ}£X.. transmission between 
two untuned 2 . 5 -cm-diameter p£0^.?.„.?0/i-.ls. loosely coupled to the volume coil . The 
isolation was taken as the difference in E^A\9..JlE^!l\l?R^/... insertion loss in decibels 
at 127.8 MHz between the tuned and detuned states. The two probe coils were 
physically separated and made electrically orthogonal to minimize their inductive 
coupling. A similar method was used to measure the degree of detuning obtained by 
the active PIN diode trap structure on the jeceiye surface coils. 
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Detailed Description Text (19) : 

All studies were performed using a 3T system incorporating an 80-cm bore magnet, and 
a resonant gradient coil for EPI . Coil SNR was calculated by dividing the image 
intensity by the standard deviation of the background noise. Transmit efficiency was 
compared to the standard commercial 16 -rung birdcage coil (28 cm diameter and 3 0 cm 
length) provided with the system by comparing the transmit gain required for 
90. degree, spin echo excitation. All human studies were conducted with Institutional 
Review Board (IRB) approval. 

Detailed Description Text (21) : 

Measurements of the detuning of the transmit coil were as follows. Greater than 40 
dB of isolation was achieved between the tuned and detuned states using either of 
the diode detuning methods. With careful adjustment, the PIN diode trap circuit on 
the receive coils also provided greater than 40 dB of isolation in the detuned 
state. Less than 100 kHz change in loaded resonant frequency occurred when either 
receive -only surface coil was placed within the detuned transmit coil. 

Detailed Description Text (23) : 

The transmit power required for a 90. degree, pulse excitation for the transmission 
line resonator was compared to a standard commercial birdcage coil. Despite its 
larger size, the transmission line resonator without detuning circuitry had 
approximately 10% greater efficiency than did the birdcage design. Some loss of coil 
efficiency occurred with either detuning circuit. Addition of the direct shunt diode 
configuration reduced the transmit efficiency by an amount dependent on the reverse 
bias voltage applied. Conversely the quarter wave diode short configuration required 
only enough bias voltage to forward bias the diode, but coil efficiency depended on 
bias current. With the direct shunt diode circuit, coil efficiency was reduced 
approximately 0.5 db with -250 V diode back bias. In comparison, the quarter wave 
diode short circuit reduced coil efficiency 75 db with 200 mA forward bias current. 

Detailed Description Text (24) : 

FIGS. 11 and 12 show phantom images taken with the head transmit coil system. FIG . 
11 shows the volume coil transmitter being used both for transmit and receive . With 
the relatively large size of the head transmit coil, highly uniform transmit 
excitation was achieved. FIG. 12 shows the results when the detunable volume coil 
was used for transmit and a dual 9 -cm loop pair was used for receive . Image 
intensity decreased smoothly as a function of distance from the receive coil 
elements, indicating the absence of surface coil focusing of the transmit fields and 
good detuning of the transmit coil during receive . 

Detailed Description Text (25) : 

FIGS. 13 and 14 show other results obtained with a human subject. In FIG. 13, the 
transmit coil was used for both transmit and receive . The relatively large size of 
the transmit coil results in a uniform transmit field over the human brain. Image 
SNR was approximately 10% greater than with the birdcage head coil . FIG. 14 shows 
the results obtained when the detunable volume coil was used for transmit and the 
dual 9-cm loop pair was used for receive . As with the phantom image, the surface 
coil receivers markedly increased local SNR. In comparison to the birdcage head 
coil, the combination of the head transmit coil and receive -only 9-cm loop pair 
provided up to 500% improvement in cortical SNR. 

Detailed Description Text (26) : 

FIGS. 15, 16 and 17 show intensity corrected images obtained with the receive -only 
coils. In comparison with the smaller 9-cm loop pair, the larger rectangular 
quadrature coil provided up to a 3 50% increase in occipital SNR with broad coverage 
including most of the posterior half of the brain. The increased SNR with both of 
these___re_ceive_-only coils allowed images with 400-.mu.m in-plane resolution and 
1.5 -mm slices to be obtained with a minimum of signal averages. As seen in the 
magnified images, the combination of high in-plane resolution and thin slice 
thickness allows subtle cortical details to be 

Detailed Description Text (27) : 

These results demonstrate the feasibility of a volume coil transmit, surface coil 
receive system for brain imaging at 3T. Despite the high frequency and close 
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proximit;y to the surface coil, adequate isolation was achieved between the detuned 
transmit resonator and the surface coil receiver during both transmit and reception. 
The receive -only surface coil provided a marked increase in local SNR. 

Detailed Description Text (29) : 

For the small receive coil employed in this study, designs derived from 1 . 5T 
applications are found to be satisfactory with increased distribution of the coil 
tuning capacitance. The capacitance is found to require 3 to 4 times as many 
distributed capacitors than at 1 . 5T in order to minimize load dependent frequency 
change. When using a resonant trap detuning circuit, stable coil resonance is 
important not just for optimal system noise figure but also for good isolation in 
the detuned state. Frequency dependent load changes are also minimized by the use of 
a balun drive, which symmetrized the electric fields of the coil. 

Detailed Description Text (30) : 

The phantom and human images demonstrate the feasibility of PIN diode detuning of 
high frequency transmission line resonators for use with surface coil receivers at 
3T. The use of small local surface coil receivers allow improved SNR for a wide 
variety of brain imaging applications at 3T and enable full utilization of the 
increased sensitivity of high field MR systems. 

Detailed Description Text (31) : 

As indicated above, the present invention contemplates the connection of active 
transistor amplifiers directly to one or more of the transmission line elements. 
Thus, FIG. 18 shows a power transistor amplifier 80 directly connected to an 
individual transmission line element 12. FIG. 19 shows a low-noise transistor 
amplifier 82 directly connected to an individual transmission line element 12. FIG. 
20 shows a combination of an active transmit circuit 84 and active receive circuit 
86 directly connected to an individual transmission line element 12 with PIN diode 
switching. Transistor and PIN diode DC connections are omitted for clarity. 

Detailed Description Text (33) : 

FIG. 21 is a diagram of a system 100 that uses a transmission line coil used for 
both transmit and receive . As shown, one or more coil elements 102 are connected 
through matching circuits directly or through a signal combiner, such as a 
quadrature combiner, to a transmit /receive (T/R) switch 104. During NMR signal 
generation, the T/R switch 104 connects the transmission line coil 102 to an RF 
generator 108 through a power amplifier 106. During NMR signal detection, the T/R 
switch 104 connects the coil 102 to a signal receiver 112 through a low-noise 
preamplifier 110. In conjunction with properly timed magnetic field gradients coils 
114, the system controller 116 acquires data and processes it into an image or other 
useful form. 

Detailed Description Text (34) : 

FIG. 22 is a diagram of a system 120 that uses separate transmit coils 122 and 
receive coils 124. As shown, an RF generator 126 is connected through an RF power 
amplifier 128 and T/R switch 130 to one or more transmission line coil elements 122. 
During transmit, PIN diodes in the coils 122 are biased to allow normal tuned coil 
operation, while PIN diode circuits detune the receive coil 124. During NMR signal 
detection, the T/R switch 13 0 connects the receive coil 124 to a signal receiver 132 
through a low-noise preamplifier 134. PIN diodes detune the transmit coil 122, while 
the receive coils 124 are biased for normal tuned operation. In conjunction with 
properly timed magnetic field gradient coils 136, the system controller 138 acquires 
data and processes it into an image or other useful form. 

Detailed Description Text (35) : 

FIG. 23 is a diagram of a system 150 that uses a transmission line coil 152 in array 
mode. As shown, one or more individual transmission line elements 154 are connected 
through built-in transistor amplifiers and T/R switches to separate NMR receivers 
158 and RF generators 156. During * NMR signal generation, each T/R switch connects a 
transmission line coil element 154 "to a generator 156. During NTCR signal detection, 
each T/R switch connects a coil element to a separate signal receiver 158. in 
conjunction with properly timed magnetic field gradient coils 160, the system 
.?..9J2S?.'.9.LL?7... 162 acquires data and processes it into an image or other useful form. By 
using separate RF signal generators 156 and Receivers 158 for each coil element 154, 
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the signals from individual elements 154 can be optimally controlled and processed 
for maximum advantage. 

Detailed Description Text (36) : 

FIG. 24 shows results obtained from such array system. In this case, separate 
preamplifier /receiver channels on a General Electric (GE) 1.5T MR I scanner are 
connected to each of four separate transmission line elements arranged in a 
cylindrically symmetric fashion similar to the 16 element array shown in FIGS, la -4 
the impedance mismatch between the low-noise preamplifiers detunes the mutual 
inductive coupling between elements and allows the currents on each element to be 
independent . A PIN diode circuit detunes each transmission line element during 
transmit to allow the larger coil to generate a highly uniform spin excitation 
field. The images from each transmission line element are independent and can be 
processed separately to create an image of desired spatial sensitivity . 

Detailed Description Text (37) : 

FIG. 25 shows the combination of each separate receive channel combined either to 
create a homogenous image (right) or a gradient mode image (left) . Depending on the 
frequency of operation, a combination of these two images can be used to correct for 
image intensity variations caused by dielectric resonances or other high-field image 
artifacts . 

Detailed Description Text (38) : 

FIG. 26 shows the results obtained with a transmission line array coil with a human 
volunteer. In this case, the four transmission line elements were arranged in an 
elliptical fashion to more closely fit the geometry of the human head. A combination 
of capacitors between elements and the low-noise preamplifiers detuned the coupling 
between elements allowing each to operate independently . As in FIG. 24, a separate 
preamplifier /receiver was connected to each transmission line element. A PIN diode 
detuning circuitry allowed the use of a highly homogenous transmit coil to provide 
uniform spin excitation. As seen in the images, each transmission line element 
operates independently providing a high sensitivity image of a portion of the human 
brain. 

Detailed Description Text (39) : 

FIG. 27 shows a sum-of -squares recombination of the images in FIG. 26. By 
appropriately combining multiple high -sensitivity images obtained from individual 
transmission line elements, a homogenous image is obtained which has higher local 
sensitivity than could be obtained with combining signals from each element with the 
fixed amplitude and phase relationships as found in FIG. 13. 

Detailed Description Text (40) : 

Thus it has been shown and described an improved NMR coil design based on the use of 
transmission line elements which satisfies the objects set forth above. 

Detailed Description Text (41) : 

Since certain changes may be made in the present disclosure without departing from 
the scope of the present invention, it is intended that all matter described in the 
foregoing specification and shown in the accompanying drawings be interpreted as 
illustrative and not in a limiting sense . 

Other Reference Publication (1) : 

Ledden et al . , "Volume Coil Transmit Surface Coil Receive System for Brain Imaging 
at 3T", Proceedings of the International Society of Magnetic Resonance in Medicine, 
p. 168 (1999) . 

CLAIMS : 

1 - A }^3St!:±A9^S:^9S^£!::... imaging system comprising: (a) a housing providing a medical 
diagnostic chamber for a subject therewithin lying along an axis; (b) a 
transmit /receive inductor system about said axis in proximity with said housing; (c) 
a gradient inductor system operatively associated with said transmit /receive 
inductor system; (d) a static magnetic field inductor system operatively associated 
with said transmit /£v:£V:A.Y.?.. inductor system; (e) said transmit /receive inductor 
system constituting a coil having an outer surface about said axis and including a 
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series of electrical transmission line elements paraxially distributed with respect 
to said axis about said subject, each of said transmission line elements including 
an outer conductor and an inner conductor, said inner conductor being spaced from 
said outer conductor in a direction perpendicular to said outer surface; (f) said 
coil initially transmitting to said subject fields of radio frequency energy as a 
transmit signal, and responsively receiving from said subject fields of magnetic 
resonance energy as a receive signal; (g) said gradient inductor system initiating 
perturbations in said fields and producing signals derived responsively from said 
perturbations; (h) said signals corresponding to spatial indicia derived from said 
subject . 

2. The magnetic resonance imaging system of claim 1 wherein said coil establishes 
concentrations of electromagnetic fields among said transmission line segments. 

3. The magnetic resonance imaging system of claim 2 wherein, by adjusting the 
distance between said transmission line segments, the interaction of the magnetic 
fields of said transmission line segments with an external sample can be controlled 
and optimized for nuclear magnetic resonance signal generation and/or detection . 

4. The magnetic resonance imaging system of claim 1 wherein said plural transmission 
line segments decrease the inductance of each line segment and minimize the electric 
fields associated therewith, whereby dielectric tissue losses is said subject are 
reduced . 

5. The magnetic resonance imaging system of claim 1 wherein said plural transmission 
line segments have inherent shielding, whereby coupling between said transmission 
line segments is controlled . 

6 . The magnetic resonance imaging system of claim 1 wherein said plural line 
segments are combined to optimize NMR signal generation and/or reception. 

7 . The magnetic resonance imaging system of claim 1 wherein signals form said plural 
line segments are combined to decode spatial information derived from the NMR 
signal, thereby to increase the sensitivity and speed of data acquisition. 

8. The magnetic resonance imaging system of claim 1 wherein said inductor consists 
of N transmission line segments arranged in a geometric pattern in which said line 
segments are substantially equidistant from each other. 

9. The magnetic resonance imaging system of claim 1 wherein said geometric pattern 
is circular or elliptical. 

10. The magnetic resonance imaging system of claim 1 wherein said geometric pattern 
is flat or curved. 

11. The magnetic resonance imaging system of claim 1 wherein each of said 
transmission line segments includes at least two individual conductors together with 
additional lumped or distributed capacitive or inductive circuit components. 

12. The magnetic resonance imaging system of claim 1 wherein each transmission line 
element couples to the others through mutual inductance and capacitive coupling. 

13 . The magnetic resonance imaging system of claim 1 wherein distributed impedance 
elements are connected between certain of said transmission line segments to alter 
the coupling therebetween. 

14. The magne t ic resonance imaging system of claim 1 wherein impedance elements are 
connected between said transmission line segments to establish interactions that 
establish frequency dependent relations between the currents and voltages present on 
certain of said transmission line segments. 

15 . The njag^^ imaging system of claim 1 wherein a given current 
distribution is obtained on said transmission line elements at a given frequency by 
adjustment of the geometry of said transmission elements and circuit components 
connected among said transmission line elements." 



13 of 18 



08/26/2003 9:19 AM 



Record Display Form 



http://westbrs: 8002/birVgate.exe?f=c^B. . .c_2=&p_doc _3=&p_doc_4=&p_doc_5=&p_doc_6= 



16 . The magnetic resonance imaging system of claim 1 wherein the fields generated by 
the currents in said transmission line elements are superposed to create a given 
magnetic field configuration for use in either or both the generation and detection 
of the NMR signal. 

17. The magnetic resonance imaging system of claim 1 including RF power amplifiers 
and/or RF receivers coupled to at least one of said transmission line elements for 
transferring energy into said coil during the generation of said transmit signal and 
out of said coil during the reception of said receive signal. 

18. The magnetic resonance imaging system of claim 1 including at least an RF power 
amplifier reactively coupled to at least one of said transmission line elements for 
transferring energy into said coil during the generation of said transmit signal, 

the impedance of said RF power amplifier and the impedance of said one of said 
transmission line elements being matched. 

19. The magnetic resonance imaging system of claim 1 including at least an RF 
receiver reactively coupled to at least one of said transmission line elements for 
transferring energy from said coil during the reception of said receive signal, the 
impedance of said RF receiver and the impedance of said one of said transmission 
line elements being matched. 

20. The magnet i c resonance imaging system of claim 1 wherein the phases of the 
current in a plurality of said transmission line segments are offset so as to create 
an elliptically polarized magnetic field for generating and/or detecting nuclear 
magnetic resonance signals. 

21. The magnetic resonance imaging system of claim 17 including a plurality of 
diodes operatively connected to a plurality of said transmission line segments for 
tuning the coupling between said transmission line segments and said RF amplifiers 
and receivers . 

22. The magn e t i c resonance imaging system of claim 1 including reactive coupling 
elements between one or more transmission line elements to allow the currents on 
each transmission line element to be relatively independent . 

23. The magnetic resonance imaging system of claim 1 with individual preamplifiers 
connected to each transmission line element with impedance mismatches designed to 
allow each transmission line element to operate independently allowing the signals 
from each transmission line element to be combined either before or after image 
reconstruction for optimal image reception. 

24. The magnetic resonance imaging system of claim 1 with individual 
preamplifier /receivers connected to each transmission line element with the 
independent information obtained from individual transmission line elements being 
used to decode spatial information regarding said subject. 

25. The magnetic resonance imaging system of claim 1, with individual power 
amplifiers connected to each transmission line element with impedance mismatches 
designed to allow the current of each transmission line element to be independently 
controlled allowing a transmit field of desired spatial intensity and phcise to be 
generated. 

26. A magnetic resonance imaging system comprising: (a) a housing providing a 
medical diagnostic chamber with a static homogenous magnetic field for a subject 
therewithin lying along an axis; (b) a plurality of transmit /receive inductor 
systems about said axis in proximity with said housing; (c) a gradient inductor 
system operatively associated with said transmit /^eceive^ inductor systems; (d) a 
static magnetic field inductor system operatively associated with said 

transmit /receive _ inductor systems; (e) at least one of said transmit ^rec^ive 
inductor systems constituting a coil having an outer surface about said axis and 
including a series of electrical transmission line elements paraxially distributed 
with respect to said axis about said subject, each of said transmission line 
elements including an outer conductor and an inner conductor, said inner conductor 
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being spaced from said outer conductor in a direction perpendicular to said outer 
surface; (f) each said coil selectively transmitting to said subject fields of radio 
frequency energy, and selectively receiving from said subject fields of magnetic 
resonance energy; (g) said gradient inductor system initiating perturbations in said 
fields and producing signals derived responsively from said perturbations; (h) said 
signals corresponding to spatial indicia derived from said subject. 

27. The magnetic resonance imaging system of claim 26, wherein one of said coils is 
a conventional loop inductor. 

28. The magnetic resonance imaging system of claim 26, wherein one of said coils is 
a conventional loop inductor which is detuned during transmit function, said 
transmit function being performed by a transmission line coil which is detuned 
during receive . 

29. The magnetic resonance imaging system of claim 26, wherein one of said coils is 
a phased array of conventional loop inductors. 

30. The magnetic resonance imaging system of claim 26, wherein one of said coils is 
a phased array of conventional loop inductors which are detuned during transmit 
function, said transmit function being performed by a transmission line coil which 
is detuned during receive function. 

31. The magnetic resonance imaging system of claim 26, wherein one of said coils is 
an array of said transmission line elements each operated independently with 
individual preamplifiers /receivers . 

32. The magnetic resonance imaging system of claim 26, wherein one of said coils is 
an array of said transmission line elements each operated independently with 
individual preamplifiers /receivers, said array being detuned during system transmit 
function. 

33. The magnetic resonance imaging system of claim 26, wherein said system includes 
at least two coils, one of said coils being a transmit coil and the other of said 
coils being a receive coil. 

34. A magnetic resonance imaging system comprising: (a) a housing providing a 
medical diagnostic chamber for a subject therewithin lying along an axis; (b) a 
transmit inductor system about said axis in proximity with said housing; (c) a 
gradient inductor system operatively associated with said transmit inductor system; 
(d) a static magnetic field inductor system operatively associated with said 
transmit inductor system; (e) said receive inductor system constituting a coil 
having an outer surface about said axis and including a series of electrical 
transmission fine elements paraxially distributed with respect to said axis about 
said subject, each of said transmission line elements including an outer conductor 
and an inner conductor, said inner conductor being spaced from said outer conductor 
in a direction perpendicular to said outer surface, said coil including a means for 
detuning said coil to prevent disturbance of the transmit fields generated by a 
separate transmit inductor system; (f) said coil initially transmitting to said 
subject fields of radio frequency energy as a transmit signal; (g) said gradient 
inductor system initiating perturbations in said fields. 

35. The magnetic resonance imaging system of claim 34 wherein said coil establishes 
concentrations of transmit electromagnetic fields among said transmission line 



36. The imaging system of claim 34 wherein, by adjusting the 
distance between said transmission line elements, the interaction of the magnetic 
fields of said transmission line elements with an external sample can be controlled 
and optimized for nuclear }}^3J}<^ : P mm ]^:^^^ce_ signal generation excitation. 

37. The Sagneti_C M .j;g30Jia.5.?„?.., imaging system of claim 34 wherein said series of 
transmission iirie elements decrease the inductance of each line element and minimize 
the electric fields associated therewith. 
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38. The magnet: ic resonance imaging system of claim 34 wherein said series of 
transmission line elements have inherent shielding. 

39. The magnetic resonance imaging system of claim 34 wherein said transmit inductor 
system consists of N transmission line elements arranged in a geometric pattern in 
which each of said transmission line elements is substantially equidistant from each 
adjacent transmission line element. 

40. The magnetic resonance imaging system of claim 39 wherein said geometric pattern 
is circular or elliptical. 

41. The magnetic resonance imaging system of claim 39 wherein said geometric pattern 
is flat or curved. 

42. The magnetic resonance imaging system of claim 34 wherein said outer and inner 
conductors include additional lumped or distributed capacitive or inductive circuit 
components . 

43 . The magnetic resonance imaging system of claim 34 wherein each of said 
transmission line elements couples to the other of said transmission line elements 
through mutual inductance and capacitive coupling. 

44 . The magnetic resonance imaging system of claim 34 wherein distributed impedance 
elements are connected between certain of said transmission line elements to alter 
the coupling therebetween. 

45. The magnetic resonance imaging system of claim 34 wherein impedance elements are 
connected between said transmission line elements to establish interactions that 
establish frequency dependent relations between the currents and voltages present on 
certain of said transmission line elements. 

46 . The magnet i c r esonanc e imaging system of claim 34 wherein a given current 
distribution is obtained on said transmission line elements at a given frequency by 
adjustment of the geometry of said transmission line elements and circuit components 
connected among said transmission line elements. 

47. The magnetic resonance imaging system of claim 34 wherein the fields generated 
by the currents in said transmission line elements are superposed to create a given 
magnetic field configuration for use the generation of the NMR signal. 

48. The magnetic resonance imaging system of claim 34 including RF power amplifiers 
coupled to at least one of said transmission line elements for transferring energy 
into said coil during the generation of said transmit signal. 

49. The magnetic resonance imaging system of claim 34 including at least an RF power 
amplifier reactively coupled to at least one of said transmission line elements for 
transferring energy into said coil during the generation of said transmit signal, 

the impedance of said RF power amplifier and the impedance of said one of said 
transmission line elements being matched. 

50. The magnetic resonance imaging system of claim 34 wherein the phases of the 
current in a plurality of said transmission line elements are offset so as to create 
an elliptically polarized magnetic field for generating and/or detecting nuclear 
magneti c resonance signals. 

51. The magnetic resonance imaging system of claim 34 including a plurality of 
diodes operatively connected to a plurality of said transmission ..J : ine. elements for 
tuning the coupling between said transmission line elements. 

52. The magnetic resonance imaging system of claim 34 including coupling components 
between one or more of said transmission 2*.HA?A elements to allow the currents on each 
of said transmission line elements to be indgpgndent with separate 
power amplifiers connected to one or more of said transmission line elements 
allowing a transmit field of desired spatial^ intensity and phase to be generated. 
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53. The magnetic resonance imaging system of claim 34 with individual power 
amplifiers connected to each transmission line element with impedance mismatches 
designed to allow the current of each transmission line element to be independently 
controlled allowing a transmit field of desired spatial intensity and phase to be 
generated . 

54. A magnetic resonance imaging system comprising: (a) a housing providing a 
medical diagnostic chamber for a subject therewithin lying along an axis; (b) a 
receive inductor system about said axis in proximity with said housing; (c) a 
gradient inductor system operatively associated with said receive inductor system; 
(d) a field inductor system operatively associated with said receive inductor 
system; (e) said receive inductor system constituting a coil having an outer surface 
about said axis and including a series of electrical transmission line elements 
paraxially distributed with respect to said axis about said subject, each of said 
transmission line elements including an outer conductor and an inner conductor, said 
inner conductor being spaced from said outer conductor in a direction perpendicular 
to said outer surface, said coil including a means for detuning said coil to prevent 
disturbance of the transmit fields generated by a separate transmit inductor system; 
(f) said coil receiving from said subject fields of magnetic resonance energy; (g) 
said gradient inductor system initiating perturbations in said fields and producing 
signals derived responsively from said perturbations; (h) said signals corresponding 
to spatial indicia derived from said subject. 

55. The magnetic resonance imaging system of claim 54 wherein, by adjusting the 
distance between said transmission line elements, the interaction of the magnetic 
fields of said transmission line elements with an external sample can be controlled 
and optimized for nuclear magnetic resonance signal detection . 

56. The magnetic resonance imaging system of claim 54 wherein said series of 
transmission line elements decrease the inductance of each transmission line element 
and minimize the electric fields associated therewith. 

57. The magnetic resonance imaging system of claim 54 wherein said series of 
transmission line elements have inherent shielding. 

58. The magnetic resonance imaging system of claim 50 wherein said series of 
transmission line elements are combined to optimize NMR signal reception. 

59. The magnetic resonance imaging system of claim 50 wherein signals from said 
series of transmission line elements are combined to decode spatial information 
derived from the NMR signal . 

60. The magnetic resonance imaging system of claim 50 wherein said receive inductor 
system consists of N transmission line elements arranged in a geometric pattern in 
which each of said transmission line elements is substantially equidistant from each 
adjacent transmission line element. 

61. The magnetic resonance imaging system of claim 60 wherein said geometric pattern 
is circular or elliptical. 

62. The magnetic resonance imaging system of claim 60 wherein said geometric pattern 
is flat or curved. 

63. The magnetic resonance, imaging system of claim 59 wherein said outer and inner 
conductors include additional lumped or distributed capacitive or inductive circuit 
components . 

64. The magnetic resonance imaging system of claim 59 wherein each of said 
transmission line elements couples to the other of said transmission ^Al}.® elements 
through mutual inductance and capacitive coupling. 

65. The H J.^^ i.*^ 5r?J_^.JJ?:5^ 5^ imaging system of claim 59 wherein distributed impedance 
elements are connected between certain of said transmission }i„J}f? elements alter the 
coupling therebetween. 



17 of 18 



08/26/2003 9:19 AM 



Record Disjflay Form 



http://westte:800^in^ 



66 . The magnet; ic resonance imaging system of claim 59 wherein impedance elements are 
connected between said transmission line elements to establish interactions that 
establish frequency dependent relations between the currents and voltages present on 
certain of said transmission line elements. 



67. The magnetic resonance imaging system of claim 59 wherein a=given current 
distribution is obtained on said transmission line elements at a given frequency by 
adjustment of the geometry of said transmission line elements and circuit components 
connected among said transmission line elements. 

68. The magnetic resonance imaging system of claim 59 wherein the fields generated 
by the currents in said transmission line elements are superposed to create a given 
magnetic field configuration for use in the detection of the NMR signal. 

69. The magnetic resonance imaging system of claim 59 including RF receivers coupled 
to at least one of said transmission line elements for transferring energy out of 
said coil during receive . 

70. The magnetic resonance imaging system of claim 59 wherein the phases of the 
current in a plurality of said transmission line elements are offset so as to create 
an elliptically polarized magnetic field for detecting nuclear magnetic resonance 
signals . 

71. The magnetic resonance imaging system of claim 69 including a plurality of 
diodes operatively connected to a plurality of said transmission line elements for 
tuning the coupling between said transmission line elements and said RF receivers . 

72. The magnetic resonance imaging system of claim 59 including coupling elements 
between one or more of said transmission line elements in order to make the currents 
on each of said transmission line elements relatively independent allowing the 
signals from two or more of said transmission line elements to be optimally combined 
before or after image reconstruction. 

73 . The magnetic resonance imaging system of claim 59 with individual preamplifiers 
connected to each of said transmission line elements with impedance mismatches 
designed to allow each of said transmission line elements to operate independently 
allowing the signals from two or more of said transmission line element to be 
optimally combined either before or after image reconstruction. 

74. The magnetic resonance imaging system of claim 59 with individual 
preamplifier /receivers connected to each transmission line element with the 
independent information obtained from individual transmission line elements being 
used to decode spatial information regarding said subject. 
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